Objective. To examine whether there are gender disparities in scholarly productivity within academic otolaryngology departments, as measured by academic rank and the h-index, a published, objective measure of research contributions that quantifies the number and significance of papers published by a given author.
within surgical specialties, including positions of leadership, such as departmental chair or division chief. 7, [10] [11] [12] [13] There are several reasons for disparities in women participation in surgical specialties. Few senior female role models, lack of mentoring (formal or informal) by either men or women to young women considering surgical subspecialization, and concerns about work-life balance are major reasons. Of those 3 reasons, only the last also applies to young men seeking surgical residencies. Factors women cite when choosing medical working environments, including flexible family leave arrangements, overall time off, call coverage, accommodating working hours, and the presence of other female colleagues, are perceived to be poorly compatible with rigorous surgical training experiences. 8, [14] [15] [16] [17] [18] [19] A related factor influencing early-career academic and clinical productivity and dissuading some from pursuing surgical training is a concern about childbearing. 5, 8, 9, 15, 20 Studies examining pregnant residents in orthopedics, plastic surgery, and obstetrics/gynecology suggest increased risk of pregnancy complications, including low birth weight and preterm delivery; these complications are potentially due to longer work hours, increased maternal age, and the physical requirements of a surgical residency. 5, 15, 21 These concerns deter many women from pursuing surgical training and potentially adversely influence their academic productivity in these fields.
Nevertheless, there has been an increase in the proportion of women in surgical residencies. 22 Nearly one third of general surgery residents, 20% to 30% of plastic surgery residents, and 12% of neurological surgery residents are women. 3, 4, 10, [23] [24] [25] There has been a tripling of female otolaryngology residents from the early 1980s to 21% in 2003. 12, 26 While women are still underrepresented in otolaryngology and other surgical specialties, they are even further underrepresented in positions of leadership; one recent analysis noted 4 of 103 academic otolaryngology departments had female chairs in 2011. 12 Of 1054 academic otolaryngologists examined in our analysis, women comprised 24% of assistant professors, 20% of associate professors, and 12% of professors. Although decisions regarding advancement take into account clinical and educational performance, they are heavily weighted toward scholarly productivity, as measured by research output, highlighting the need to examine gender disparities in research productivity as one potential major cause of the dearth of female otolaryngologists in academic leadership positions. 13, 27, 28 A 2011 Mayo Clinic study evaluating gender differences in academic productivity and leadership appointments of long-time faculty members in all specialties found that while men published greater numbers of articles during their careers, women had lower early-career publication rates that increased and eventually surpassed the rates of male faculty members later in their careers. 13 Whether women had decreased publication rates early in their careers as a result of lack of mentoring, pregnancy or other family responsibilities, or other reasons was not investigated. The authors concluded that solely accounting for numbers of publications and academic rank without considering rates of productivity is partially responsible for the paucity of women in leadership positions.
Educational responsibilities, clinical productivity, and administrative roles are also used to evaluate the value of a faculty member to a department. [29] [30] [31] [32] Clinical productivity is equivalent between genders or, if measured by patient satisfaction criteria, has been found in several studies to be higher among women physicians. 33, 34 The amount of research contribution, however, is the factor weighted most heavily in decisions regarding hiring and advancement. 35, 36 Total number of publications and total citations by others are frequently used in assessing research productivity. 35, 37, 38 However, each of these metrics has its weaknesses. An individual's total number of publications indicates little about the relevance/influence of these contributions toward the discourse within a field, and total citations by others can be skewed by having just one significant work cited frequently, regardless of whether the individual was the main author on the work or just one of many who contributed partially.
One objective and easily calculable appraisal of research relevance/productivity is the h-index, first described in 2005 by Dr J. E. Hirsch. 35 An individual's h-index is the number of published papers, h, that have been cited at least h times in the literature. An individual has an h-index of 10 if he or she has had 10 publications that have been cited in the literature at least 10 times each. Even if this individual has 100 publications, if 90 of their publications have been cited less than h times (less than 10 times), they are not included in their total h-index count. The h-index attempts to quantify significance and value of an author's research contributions, and although it has been used most widely in nonmedical scientific disciplines, it has been evaluated for several medical specialties. 35, 37, [39] [40] [41] [42] [43] [44] [45] [46] [47] The h-index can be calculated using various biomedical publication databases, such as ones available from Scopus, Google Scholar, ISI Web of Knowledge, and Publish or Perish. One analysis evaluating the h-index among academic neurosurgeons found a high degree of correlation between h-index calculations from Scopus and Google Scholar. 42 One useful way the h-index can be used to evaluate research productivity is through the productivity rates at different points in an otolaryngologist's career. Examining the rate an individual's h-index increases with the number of years they have been active can potentially provide valuable insight into gender disparities in scholarly productivity and help with decisions regarding advancement. Suggested by Hirsch in his original description of the h-index, this m value, which is a person's h-index divided by the number of years he or she has been publishing, has not been examined in any medical fields. The main objectives of this analysis were (1) to examine for gender disparities in academic otolaryngology as measured by the h-index, calculation of m-values, and academic rank and (2) to determine the overall relationship of the h-index with academic promotion.
Materials and Methods
Otolaryngology department listings were obtained from the American Medical Association's Fellowship and Residency Interactive Database (FREIDA). Online searches of 98 departments were conducted for information about faculty members including academic rank. Six programs lacked faculty listings containing academic rank and were excluded from this analysis. Another 5 had listings without academic rank but identified departmental leadership; therefore, only the department and division heads from these institutions were included. Individual faculty members whose ranks were not listed on their departmental websites were excluded from this analysis.
Otolaryngologists were organized into the categories of assistant professor, associate professor, professor, and chair. For institutions in which otolaryngology is a division of surgery, division chiefs were included in the chair category. To avoid double counting chairs, they were counted in the chair category only and not also as professors. Nonacademic and nonphysician faculty were excluded from this analysis. Each faculty member's gender was independently determined by the authors using both their names and faculty listings from the individual online sites.
Each faculty member's h-index and years of publication range was obtained from the Scopus Database (www.scopus.com). When common names are searched for in the Scopus database, such as Smith or Johnson, numerous authors with similar names may appear in the search results. Previous and current departmental affiliations, as listed on faculty members' online departmental profiles, were compared with those listed on Scopus to ensure the correct faculty member's h-index score was being examined. In addition, the journals in which faculty members published, as listed on Scopus, also helped confirm the accuracy of search results; for example, if the Scopus entry in question showed publications in entirely unrelated fields, without any publications in otolaryngologic or surgical journals, the Scopus entry likely referred to another individual and not the academic otolaryngologist in question.
In addition, academic neurological surgeons, ophthalmologists, plastic surgeons, and urologists from 20 randomly selected FREIDA institutions were also assessed by gender and h-index. All data were collected in June 2012.
Statistical analyses were performed with Mann-Whitney U and Kruskal-Wallis tests where appropriate, with significance set at P \ .05. Calculations were performed using MedCalc Software (Mariakerke, Belgium). This study qualifies as nonhuman subject research per the Institutional Review Board of University of Medicine and Dentistry of New Jersey-New Jersey Medical School.
Results
The h-index of 1054 academic otolaryngologists from 92 programs was calculated and organized by academic rank (Figure 1) . Mean h-indices increased with rising academic rank from 4.31 for assistant professors to 14.89 for professors. There was no significant difference between the h-index of professors and that of chairs, who had an h-index of 15.5 (P = .20). The number of years each faculty member's publication range encompassed indicated that chairs and professors had a longer number of years of active research production than did associate and assistant professors ( Figure 2) .
The gender distribution of academic otolaryngologists from the 92 programs is illustrated in Figure 3 , indicating the vast majority were men, especially within the professor and chair category. The h-indices organized by gender ( Figure 4) indicate men had significantly higher research productivity (Mann-Whitney U test, P = .0001). Further broken down by academic rank (Figure 5) , the mean h-indices of men were greater than those of women at the level of assistant and associate professor, although not significantly (Mann-Whitney U tests, P = .19 and .10, respectively), and the mean h-indices of women were higher at the ranks of professor, albeit not significantly (Mann-Whitney U Test, P = .13). Combining data from the ranks of assistant and associate professor revealed a statistically significant higher h-index in men than women at these ranks (Mann-Whitney U test, P = .02). Combining data from the chair and professor groups revealed women had higher h-indices; however, this was not statistically significant (Mann-Whitney U test, P = .07).
H-indices were also examined with regard to number of active research years ( Figure 6 ). Plotting these values together, the slope indicates the rate of research productivity as measured by the h-index. Among otolaryngologists with 2 decades or less of research activity, men had statistically higher h-indices (Mann-Whitney U tests, P \ .0001; Table 1 ). There was no statistically significant difference in h-index between genders among otolaryngologists between 21 and 40 years of research activity (Mann-Whitney U tests, P = .79).
The h-index differences between successive academic ranks were calculated (Figure 7) . The gap in research productivity among genders was greatest between the ranks of associate professor and professor, although the difference in h-index between assistant and associate professor was still statistically significant (Mann-Whitney U test, P \ .0001). The difference in h-index between professors and chairs was not statistically significant for men (Mann-Whitney U tests, P = .55). Adequate statistical analysis for the difference in h-index between professors and chairs for women was not feasible because of low sample size.
The h-indices of physicians from 20 randomly selected institutions practicing various other surgical specialties were organized by gender and compared with the data collected for academic otolaryngologists (Figure 8 ). There was no difference among the h-indices of women among the various Figure 6 . Chart of the h-index and publication range of academic otolaryngologists. Slope of these lines represents the rate of research productivity. specialties (Kruskal-Wallis test, H = 5.89, P = .12). Male surgeons had higher h-indices than their female counterparts within ophthalmology and urology (Mann-Whitney U tests, P = .03 and .02, respectively) but not for neurosurgery and plastic surgery (P = .09 and .69, respectively). Male neurological surgeons and urologists had higher h-indices than their male counterparts in otolaryngology (P = .002 and \.0001), ophthalmology (P \ .0001 for both), and plastic surgery (P \ .0001 for both; Mann-Whitney U tests).
Discussion
Women comprised 20% of practicing otolaryngologists as of 2006, a 3-fold increase from approximately 6% the previous decade. 26 Despite this, and the recent increase in female residents, women are disproportionately underrepresented in positions of leadership and seniority. Of the 92 departmental leaders evaluated, 3 were women, as were 12% of professors. While there were only 3 female chairs in this analysis, there is the possibility that there may be other female departmental leaders among excluded departments, as analysis in 2011 noted 4 female chairs. 12 One likely explanation for the dearth of women in senior positions is generational, as many years of academic contributions are usually necessary for academic advancement and the proportion of female residents has only recently exceeded 20%. As younger female otolaryngologists advance in their careers, a greater number have the potential to acquire the academic credentials necessary for advancement. Research productivity is a significant component of scholarly productivity used for decisions regarding hiring and advancement of academic otolaryngologists. By putting a figure on a faculty member's research productivity, the h-index simplifies research output into a figure that compares individuals in a uniform and equitable fashion.
The h-index, however, does have limitations. A common criticism is the potential impact of self-citation. 35, 48 An author could theoretically raise his or her own h-index by self-citation to an extent, but it would be difficult to sustain significant increases in h-index through this strategy. 49 This would be a very tedious process likely difficult to accomplish, except for an author with a very low h-index level.
There are several other potential weaknesses of this metric. One of these flaws is the insensitivity of the h-index to the order an author is listed in a manuscript. An author that is routinely included on another prolific faculty member's papers could have an increased h-index. 35, 50 Finally, the type of research an individual conducts could lead to differences in his Figure 7 . Difference in h-index between successive academic ranks among academic otolaryngologists. Solid-colored bars (left) represent the difference between assistant and associate professor, tiled bar (center) is between associate professor and professor, and striped bar (right) is between professor and chair. or her h-index. An otolaryngologist conducting basic science research may have very significant results, but each of his or her projects may be more complicated and resource intensive than another faculty member who conducts clinical research. 35 Related to this, another factor may be the breadth of the audience within otolaryngology interested in basic science research versus clinical studies. This same reason also renders inappropriate the use of the h-index for comparison of faculty members from far different fields.
In his original article, Hirsch 35 suggested the calculation and usage of m, a faculty member's h-index divided by the number of years they have been publishing for comparison of scientists at different points of their careers. This m parameter has not been examined extensively with regard to comparison of research productivity rates. The main argument behind this concept was that individuals who had been active in research longer likely had higher h-indices than faculty members beginning their careers, just by virtue of having been around for a longer period of time. 35, 51 When examining overall research productivity, however, this m value can be misleading if an individual has had a change in the rate of his or her research output over the course of his or her career. Although this concept may not be appropriate in comparing overall productivity of individuals, it is a reliable indicator when specifically discussing how rates of research productivity change over the course of a career. The steeper early-career slope for male otolaryngologists in Figure 6 indicates that their productivity rates are higher than that of their female counterparts earlier in their career; however, examination of faculty members with 20 to 30 years of publication experience showed that women have a higher rate of research productivity as measured by the slope of the h-index. It is important to note that when examining faculty members with more than 30 years of publishing experience, there were only 9 women in these 92 institutions (versus 140 men), and the differences beyond this point were insignificant (Mann-Whitney U test, P = .7566).
Several possible reasons come to mind when assessing why women have lower productivity rates earlier in their careers. Academic mentoring is not as prevalent for women. 7, [52] [53] [54] Mentorship is a principal component in career development. 9, 55, 56 As the number of women pursuing otolaryngology increases and a larger number acquire the credentials necessary for advancement, there will likely be more mentoring opportunities for female medical students and residents focused on issues unique to women that may have been difficult to broach with male colleagues. 7 In addition, some have suggested that educational and committee service are more often assigned to women junior faculty members, leaving limited time for academic or scholarly productivity. 7, 57 Greater involvement in family responsibilities by female physicians relative to men may play a role in productivity. 13, 18, 19 However, this gender difference in terms of work-life balance seems to be diminishing; a 2011 AAO-HNS survey of residents and fellows found that 55.4% of residents listed family considerations as important factors in determining choice of practice, indicating that this is one of the most important issues for both genders. 58 These observations can be extended to an analysis of gender disparities in research productivity. An associated issue potentially affecting productivity in younger female physicians is a concern of the effects of surgical training on pregnancies. 5, 15, 21 Cognizant of the literature describing increased complications during pregnancy, younger female otolaryngologists may potentially take more time off, with a consequent decrease in academic productivity. 15 The current analysis notes that women ultimately catch up and, for some years, surpass their male counterparts in research productivity. This observation brings up the question of whether these factors, and a potentially increased rate of later-career academic productivity, should be taken into account when assessing academic output among female otolaryngologists.
It is important to stress that although research productivity is an important part of advancement decisions, other factors play an important role, such as educational contributions and clinical performance. Several studies have indicated that female academic physicians spend a greater amount of time in these roles as opposed to research when compared with male academicians. 59, 60 Quantifying time spent with residents and medical students participating in teaching capacities is often difficult, although faculty members in academic medicine have attempted to popularize the use of an ''Educators Portfolio'' to standardize these contributions. [29] [30] [31] [32] [61] [62] [63] 
Conclusions
Women have traditionally been underrepresented in surgical fields, including otolaryngology, and continue to be so at more senior academic ranks and positions of leadership. Examination of academic otolaryngologists with the hindex reveals gender disparities in research productivity. While male otolaryngologists have higher overall research output as measured by this value, rates of research productivity varied throughout different career stages. Men early in their career had higher productivity rates, although at the more senior levels, women had higher rates and absolute h-index levels. These differences may need to be taken into consideration when evaluating women for academic advancement.
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